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This ^ liCatl °" 1S s a application Serial No. 
earlier filed (pencil U.S. PP applioatio „ is a 

08/319,887 filed October 7, 1 ng) „. s . 

►i„n-in-part of our earlier i 

35 USC §120. 

. KniiM-nrrrl Posparch 

StsMaeni^-MJ^ funds 

This invention was made a ent there fore 

fr om the Federal government, and 
h as rights in the invention. 

The high-affinity nnc i e otide binding 
p rotein that is coupled — 
proteins (a protein.). P ^ appropria te 

Ugand-activated receptor signa ^ nela tonin, 

,,„,„ effector system (s ) . 
intracellular eft ^ deorease in 

inhibits adenylyl conce ntration. 
intracelluiar cyclic^ « M o£ ^ vertebrate 

Melatonin, the p "° P biologio al effects, 
pineal gland, licit, potent neur ^ 
Melatonin influences circadian rhy 



25 



. . „„ rco roductive function in 
effects of photopenod on r epr 

seasonally breeding — aUevi ate the symptoms of 
Ministration -^^^.X time -nes. «- 

U9 a rrpo - native effects in humans - « 
hormone also nas y 

be a useful hypnotic agent- ic and Orcadian 

Kelatonin everts if P* ^ » . hl9n . af f inxty 

effects through P^^^J^i. 3.. — ' 
receptors (Dubocovxch, ..euroohem. 
(1987) 34:3916-3920; Vanece*. J ^ seasonally 

51:1 436-1440 ; Beppert et al., 
.reeding mammals, Pi-1 melaton 
seasonal responses to changes x» 7 , 45; 
a„d Goldman. B.C.. 1^ *» 
s al.. BSaDtimJaa^ in all photoperiodxc 

site containing melatonin I* re P g^^^h^a^tic 
species examined to J""^ D . c ., M oore, R.Y. and 
S^Sim^^^Z^ oxford university Press; 

^tle paJtuberalis «W . a portion of 

„ (199!) PP- "9-308) IS th pa speo . eS| in 

L pituitary 9 --- r ;; ep r s r are not consistently present 
humans melatonin la recep 

the M - . .„tonin-la (Mel-la) receptors are 

High-af f inity melatonin 1 ^ oentral 

25 seated in ^llian species, inching 

nervous system of sever 2 -[' a I]- 
humans. Biding studies , the * , denti£ied 

lod omelatonin ^^T^. ,K. < » ln SitM 

hlgh -aff inity melatonin a recep ^ ^ of . 

30 such as the " s M . »s circadian rhythms 

bl ological clooK that ;c egulat ; ^ ^ ^ Mgh . 

(Reppert et al. , 
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been identified in 

central nervous system "ss sens itive to guanine 

Keceptor affinity i. J-™ consistently 
nucleotides and activation of the . 

lead s to tne ^» * ai - 

pertussis toxin-sensitive ll _ et al ., 

LuAJJ» (1989> "I 9 !; 6, Morgan. ».J. * al., 

<1M9 ' tSlT. «or,an, P.*. et al. , 

BBSBisatelax (1» 89 » *- 76 . Lai tinen, J.T- ^ d 

^ (M90 1.77 7 ' IS) . Hi,h- 

a££ init, melatonl ^;-f n : coupled re ceptors. 
superfamily of G pro^ 

^^f^SSeT substantially 
In ,eneral. a high-affinity 

pure DNA («■» « 9 en °™ 1C and Bel atonin lb receptor in 

melatonin la receptor ™ sub stantially pure 

retina. The invention a so polyp eptides. m 

hiqn -a ff inity -**»"V" ^ d ceptor incl udes an amino acid 
pre£ erred embodiments, the re P ^ ^ sequence 

sequence ^stantially ^ent cal ^ ^ ng . 3 

shown in Fi,. 1 (™ » £^ J_ n) or comprising the 
(M0 x> HO=14, ; W. s («Q I so;6) £or Belat onm-la 

amino acid sequence of Fig. I 

receptors. featu res a new class of melatonin 

The invention also featur aistin guished by 

receptor designated -^^Uicteristics . » 
lt , tissue distribution and bindi g^^ ^ amno 

preferred ^T"^ y identi cal to the amino acid 
acid sequence substantial y 
sequence shown in Fig. (SEQ 
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nolvpeptide having an amino 
The invention includes a polyP P ^ binding 

acid seance which -eludes a ^ ^ 

^ and bringing about a ide ntical to 

melatonin ana ^ t leaS t 80* 

° cM1P concentration, - - - » , . 6 . T he invention 

tn e amino acid pure polypeptia* which « a 

also matures a substan " a "Yffinity melatonin-la or 
fragment or analog ^ "J^^i- " ^ 

In various preferr vertebr ate animal, 

receptor fragment is der JMV1S . 
oreferably. human, sheep, mouse polypeptide" is 

By .. h igh-affinitY -^»J U s P ur£ace protein which 
n eant all or part of . ^ 
specifically binds "^"^/^^cal events (..,.. a 
B elatonin-mediated ca^ade of b Mtion . The 

aecreas. in W"" 1 ^^- having the ligand binding 
polypeptide is ^ aCte " Z f gonist and antagonist binding 
properties l»>^»» 

properties) ^ ""tide. U meant an, chain of amino 
ids - :r^th or Post-transiationai 

^cation (..,.. ^^^.eant that the high- 
By ..substantially pure vide d by the 

invention is at least 60* Y ^ u(uch 

and naturaily-occur-a organ ^ 

naturally associated. P»£ and „ ost preferably 

"east 75%, more P-""^ h . a£tlnlt y melatonin receptor 
.t least >Y h f ^ high -af finity melatonin 

polypeptide- » ^"""^Lined, for example, by 
receptor polypeptide may 

4 
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expression of a 
frnm a natural source; by * , finity melatonin 

Pr lumn chromatography, polymery 

e * g " or HPLC analysis- sequence 

eXectrophoresis, or ide ntical« amino acid 

By a substantially d . ffers only by 

/,n amino acid sequence wn amp ie, 
is meant an ami substi tutions, for clasS 

conservative am- - ^ ^ ^ * : j> ^ ^ 

SUbStit ^e for ^ —TaXd rsti-tions, 
(e - 9 ;; mire non-conservative of the amino 

one or mor onS loca ted at P , act ivity 

deletions, or i destroy the biol g ^ 

aci d ^encej^ch ^ can ^ 

^.^T^ rTcLi°sy-s- or can 

so. using tne m chemical syu 

1P nf or can be isolated by ^^nt DNA 

- em and present on the sur 

* - mention matures 
° t9anlSB In another reXate* «^ (lnity ..eXaton^a or 
• ola ted DHA which encodes a ^ anal0 , 

isolates tor (or receptor ir 1 . £ied DNA is 

» elat T'aescX -ove. «e f erah y. ^ hl , h . a££ inity 
aff lnity melatonxn-ia 
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• „ ,.. and is cDHA *1<* *" c ° deS 
hu man high-affi^ ^^ lb rec eptor. 
. human "T^-t . « that 1. not 

By "isolated DNA « oova iently UnKed to) 

th e DNA of the invention * DMA which « 

includes, for example, . r. autono „ously 
incorporated into a "^^^ 0»A of a proKaryote or 
piasmid or virus; or xnto th , 

euKaryote, «^^ l ^ B t ° 0 he r 

CDNA or a genomic or tion) independent ° £ 

restriction 

endonucle.se » which is p~- 

sequences. It also included a lypep tide seance. 

o£ a hybrid gene encoding additio ^ 
° £ » other related aspects Jh ^ ^ 

«ctors which contain such isolat > o£ the prot e,n 

;; 0 e £ era b ly capane of ^^^.^ cell, and cells 
encoded W the DNA u. a « Ct euK aryotic cells e ,. . 

containing such vector. , <p£° r ^ ^ ^ (MCC; cat. 
CHO cells (ATCC, cat NO- J ^ stably 

preferably , 

"°" Tectel w'ith such isolated DNA. ubloh (or 

tranSfeC B y »t»nsfo»ed cell" ^J^. by means of 

..tor of which) has been hl , h . a ff inity 

into an ancestor o molecu le encoding a hig 

,enetic engineering, a ™* » or analog, 

melatonin receptor (or • » expre ssicn» waning that 
f D NA molecule is ■S-" 10 " 4 '" to a DNA sequence 

the OHA molecule is positron* adl* ^ ^ ^ seque nce 

which directs transcription an^ tr hi?h . af £i nity 

m- — — — •■ 
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, n is meant an 
, „ aS used herein, 

■f, rallY binds as her 

By .-specifically in analog ^ ntibody , 
,h as melatonin, a mei as an ant ibo y, 

ag ent ( such as polyP eptides s ^ 

ch emical agent ^ melat0 nin recepto , ^ ^ 

wh ich binds ^^t or analog e.g., a 

polypeptide or a ^ ^ ^es , a . P ^ 

biological samp t ide. P^efe ^ of the 

m elatonin recept^ P Y bioiogical acti-ty ^ 

- — " ^ -a-in -eptor to 
protein to wh ^ hi gfc-aff mxty Qf 

mea nt the ability ^ appropr iate 

bi nd melatonin an ed herein). a 

„ „£ screening candid » „ el atonin-W or 

me thod ot sc hiqh-affin 1 ^ invo ive3: 

act as an agonist o£ ^ method 'nv 

Bel atonin-x° «~*^ a ,„nist compoun ^ in - 
recombinant high . fc) measuring ^ ^ 

^7^" ;-. the ^^ing — \ nd 
Ugand to tn and C ) reC eptor and 

4- rt i- fragment or a reCO mbinanc 
receptor 9 bind the re nt ration. 

compounds as thos . ntracellular c *MP c ^.^ a 

: rCni-« is -nt a molecu- ^ ^ 
BY <tv in this case, the aD ffini ty 

-- iCUlar r t o V n- -Ptor ^ ^ ^ events 
af finity - lat °" and t0 trigger the d 
^^-h an interaction ^ 
^^"uular cAHP concentration) • - J ring 
intracellula ^ ^.U, 

greatera /ele^r Ugand- 
m elatonm recep 
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, the invention features a 
In yet another ^'^^ £ or its ability to 
method o £ screening a / tonln an, a »^«^ 

an ta,onize interaction between ^ con tacting a 

"latonin receptor. The " t COTpo und which 

canXe antagonist ^ ^tonin receptor (or 

, Hcs a recombinant high-affmi y hani and 

wtth a second compound which incl ^ c<mpouna s 

Tnd- b) determining whether the fir ^ those 

b 1 C identify^ /irst compound to 

^ interfere melatonin-mediated 
tt e second compound and oonce ntration. 

ureases in ^ " " bility of 

By an ln thls case, the ability 

■ „ihits a particular activity lt melatonin 

rr>. »«■«> -:;»^""-»» ™ 

the reoo mbinant whicn normally P« sentS 

expressed by a ^^"f^ mela tonin receptor on its 
substantially no ™^™Zes not exhibit an, significant 
surface (i-*-. * ceU " h ,„ intracellular CAMP 
melatonin-mediated ls a CHO cell or a COS-7 

Toncentration,,- the mamma an ^ ^ agoni st is a 

and — agent includin9 3 

;:iyp:;:- sud as « invention are ir 

P T he receptor proteins of n rhyt hm. 

solved in the develop therapeutics 

8 
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melatonin rhythms, 
t of some endogenous melat e# 
re entrainment °f ^ cy cle « the 

5 ^Z Ze sZ di— • * Shift rr/n in neonates, 
all eviate .1. P sleep -waKe P*«^ control the 

emergence of a di in huma n females, 

«,n a te ovarian cyclic^Y hum ans, and alter 

"Nation and timing of puberty - h ^ ^ sheep . 

vitiation Uy breeding an me latonin 

mating cycle m seas ag0 nists, e.g - 

^ therapeutics inciuu aC tion of 

receptor; and 2) , unl ch block 

antibodies, or other £unctlon by in t 

A utransgeni^ bearing i» 

, «* as a non-human mammal) ^ a 

„ r^cies (exogenous), " ^.i's germline, the 
different species i animai s g 

«one include cells « offspring. AS 

— C J tr^issibU to tne ^ s „ £ 

:;ti - ---- :; ioB „ - 

include n» cleotld V 0 ' tlssu e distribution. 
ge ne in its endows t ^ ^ 

Because the re beC ause candidate ay 

the high-aff inl * 
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• >, rtoes not normally bear 
.ion in a cell type which does idin g 
its expression in receptors on its surface, P 

hiah-affinity melatonin recep interaction, 
/system for assaying a * the invention will 

SY other features and ^an«- of ^ preferred 

ont from the following descrip 
be apparent ^ claims . 

embodiments thereof, and 

; 1 cil pr^r option 

ESi ff^7WlT>>e ascribed. 
The drawings will £»« 

ErSHiDMl m , %tt nucleotide and amino acid 

1 i= the complete ^n r-pMtiv .i„ of the 

. (SEQ ID NO-.l and SEQ IU » „ otor gene coding 

sequences (SEQ i - flnltv me latonin receptor g 

Xenopus laevis ^h-a""^* id seque nce of the 

Region CDHA. ™e eo tide sequence (reading 

r ece P tor is provided below the ^ 

f rame b) and contains « *»- j2 _ J4 (ATG = Met) 

a cid sequence begins at nucleo ^ ^ _ 

and ends with nucleotides de and a mino acid 

, is the complete ^nucl respectlvely) of the 

sequences (SEQ ID N°:3 •»* ^Veptor gene coding region 
sheep hign-a«initY ^ from the 5' region 

«nich is a genetic fusion of gen ^ The deduoe d 

and cDNA from the V u provided below the 

amino acid sequence of th ,«c P ^ „ 366 amino 

nucl eotide sequence ^ «^^ Mne . b e,ins at 
acids, the deduced a nd ends at nucleotides 

nucleotides 49, 50, 51 (M 

u „, 1U9 (™ ' st °J> - nuoleotlde and amino acid 

rl g. 3 is the complete ^nuc respective i y , of 

sequences (SEQ ID NO: 13 an 1 « 1 o ge ne coding 

J mouse ni,h-«in;ty ^aton in ^ ^ 1S 

The deduced amino acia 
region. The 

10 
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nucleotides 1060-1062 (T» .- • d aBlm) acid 

S e^ences (S E « 10 »°<\^™" m Bel atonin receptor gene 
fragment of the human * se , u ence corresponds 

coding region genomxc DNA. . ■*» ^ ^ From the 

to the region — < ' DNA , the deduced amino 

sequenced portxon of the P nuc leotide sequence 

acid sequence is ^^^^ mlno acids. The codmg 
(re adin, frame a, and cont- ^ ^ ^ , 

"I! 0 : ^r-TSr- 'nucleotides S6 7 

- - r u «- " - 

sequences {SEQ ID «0.« «* C D>«A. The 

^ human high-affinity "^^"J^ is provided 
deduced amino acid sequence of th ^ at 

20 fceiow the Z contains 330 amino acids 

rr rnuTeotides r • amino aoli 

ri q. 6 is the complete ^ resp ectively) of 

sequences (8H ID »«X* «* reoeptor cDNA. The 

the human high-aff imty -»™^ tmB ^ tae is provided 
deduced amino acid sequence of t at 
^ow the nucleotide sequence (r~U» ^ 1096 - 

• o „ n-15 (ATG = Met), enaxny 
nucleotides 13 15 (* ino 362 acids. 

1098 (TAA - ^^jtC«t of tne deduced a.ino acid 
Fi U - - 2 SEQ - »U. - « 10 ^ vil) <* 
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a nartial human high- 
tbe entire Xenons and sheep, and partial 

affinity melatonin receptors. fl amlno acld 

transmembrane domains ^ * / high affi nity melatonin 

the entire Xenopus, sheep, and resen ted by dots) 

rn 0 indicate homology, gaps <r P 
receptors. i» three sequences. 

h ave been introduced into the ' ^ ^ „ s 

rig. 9 is «- V°*° S ° d *™° the cell .embrane. The 

Educed ^ • ^ ion site . soUd circles 
potential N-lmKed g y teln Kinase C 

represent consensus sites for pr 

15 phosphorylation- Melatonin binding assay 

T' «S-7 cells containing Xenopus melatonin 
results from cos 7 eel saturation curve, 

receptor cDX*. Fig. m ^ usin , 10 „ melatonin. 

NO „spe=if ic binding «as plot of the 

20 ?iq . lib shows a s ng U^P ^ ffl u tonm 

^—-r the transf ected 

llatonin -^TJ^^^ ~ -X- 

Fig. 11 shows P transfect ed with the 

25 melatonin binding in COS « l were incubated 

^ r-nNA from Xenopus. ^ 

Melatonin receptor fr con centrations of 2- 

wl th 100 PH '"I-melatomn and van Belatoni „ 

lodomelatonin (!-«... ^^^f^ , »-acetyl-5- 

30 hydroxytryptamine (MM I. ° ^ ^ presence of l0 uM 
Honspecific binding was determin ^ ^ 

B elatonin. «, values are: I -MEL, 
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, n v 10"* Mi 60H-MEL, 2.0 X W M; 

1.3 * 10* * 6C1 - MEL ' ! x l0 " „. The data are 

, n -6 u • 5HT. >1.0 X I" 
«AS, 2.0 X 10 5ni ' 

. # ^hrpp experiments, 
representative of three v ibition of forskolin- 

Fi g. 12 shows -latonin xnnib^ transfected 

5 striate, cAMP -100, 
with the -^J^ M Tn«- with 10 ,M forskolin. 
value is the mean **** exper iments. 

KNA size markers (Life Te ^ overnight. 

F1 q. 14 shows melato nln receptor cDNA. 

(rOT COS-7 =eus contain^ -~P ^ vas 

15 Fig. Ua shows a saturation fc) shous a 

determined using 10 ,M melatonin « deternining the 
scatchard plot of the saturatxon ^da«J trans£eote d 

relative I-Uf" Wndin U 1- t r- — " *" * 

—re ::rrt:r;i,n« in -v ^ » 

value for the sheep ^ faoi/ng protein. 

" 6 X 10 "' M «- ^ined using 10 ,M meiatonin. 

Monspecific binding "» three expe riments. 

Data shown are representative ^ £or 

Fig . 14 b i= • '^TlT ^ transected with the sheep 
»I-Mel binding in COS e were inoubat ed 

Mla tonin receptor cDNA <SEQ » ™^ Mns o£ 
with 100 PM — Va " OUS COnC .; n el) 6 _ chl oromelatonin 

2 -iodomelatonin (I-l) . -l»*o»» (Me ) , 
(6 Cl-«el>, 6-hydroxymelatonin <60H > . xytryptaIline 
3„ »--tV 1 - 5 - h V-o X ytrVpta : ine ^ the presen ce 

(5 . HT) . Honspecif i= binain, ^ ^ 

o£ io fM melatonin. K, values 
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A m * 6Cl-Mel, 2.5 x 10 10 M; 

x-„el, 3.7 * 10* m; *•« « » - 5HTi >i-0 x 10 . M . 

6 OH-Mel, 3-0 * 10' •> Lerated by LIGAND (Munson, P.L. and 
inhibition curves were generate i M) ^ . one . 

Kodbard, O^X^^m- < 1980 > — ive o£ at least 

.it. . ^ 2 ;:z:z:z \ — *- . is 

three experiments. 2 ioa ^ 6 _ ch ioromelatonin is 

R esearc h B^icals Inc ^ ^ ^ ^ other drugs 

available from Ely Lily, i g MQ . 

us ed herein are -^t^, Ending assay results 

rl g. 15 shows I-nelaton Be latonin la 

from COS-7 cells containing , the . saturat ion 

ra ce P tor cD„A ws Itcnard plot of the 

saturation data for ed nign -af f inlty 

binding constants for the £or tne 

B elatonin receptor gene fro* ^ is 2 . 6 x 10 * „ 

— h ^ af l?LC £ : oM -tlin. nonspecific 

and the B„ value !S 220 / n . Data shown 

bl „di„, »as deter* ined j^^. n ,. ltb is a plot 

are representative of three xp ^ in 
of petition by v-rio- ug 

COS., cells transfecte with^ ^ w0 p „ 
cDNA (SEQ ID HO: ID- ,, ations o£ 2 -iodomelatonin 

(I-Mel), melatonin Mel), . hydroxy tryptamine 
6-nydroxymelatonm (60H-Mel) , „ onspe cif ic binding 

was determined in the * x io" M; Mel, 

values for the ^"^^ 60 „-«el. 2.0 x W H, 
2 .3 x 10* M; 6C1-MS1, 2.0 x Inhiblt ion curves were 

S AS. 1.7 x 10' H, 5HT. >l.o * 10 9S0) , ^ using 

generated by LIGAND (Munson and Rodba 
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del The data shown are representative of at 
a one-site model. The a 

le ast three ^"^^ o£ stu dies showing that 
Flo. 1« « thc reSUl receptor couples to G, 
recombinant mammalian f orstol in-stimulated 

Flg . 16 a shows melatonin inhibit ^ t „ ns(ected with 
OHP accumulation in KM 3T3 ID H0 :3) . The 100% 

the sheep melatonin receptor ^ £orskolln . 

value is the mean cAMP valu -duc^ experiBents . rig. 

Th e data shown « "^^^ the ability of 
16b shows that P- tUSS1 o S rs t k ; X 1 1 in . stiMl ated cAKP accumulation 
melatonin to inhibit £ ° rsk0l "V wlth the sheep melatonin 
in KIH 3T3 cells stably transfer w M „ lth 

receptor cDNA (SEQ ™ 1)0:31 for 18 hours (PTX: 
ei ther vehicle or ^^ rchas ed f rom List. 
; 10 0 ng/ml! pertussis toxin wP £orsko lin alone; 

Campbell. =»• C Base 1 Da ta are the mean 

», 10 ,M forsfcolin Pius 1 * ^ ^ treatmen t. 

pl us standard deviation for P experiments. 

The data shown are "^""'"^ thr ough the base of 
Fi ,. 1, Shows a coronal sec ^ ^ ^ ^^.^ 

th e sheep brain ^' * ^ pars tuberalis 

staining of the tissue secti ^ ^ ^ ^ 

(PT) and the pars * ist ^°J ^ £roB . se ction to which 
autoradiographic image rig . 17c is a fil» 

25 ( , W binding is a n in situ 

autoradiographic -^^^ using a sheep hl*- 
hyb ridization of a tiss derlved fro m the 

affinity melatonin receptor « P pattern show s 

cloned receptor sequence. The y f finity 

30 *~ * ^J^^U Le same pattern of 
melatonin receptor ribopr in . 
expression as the endogenous recep 
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. ,„ is a diagram of the structure of the human 
m ' JiT Flo. !•« " the predicted membrane 

Mel-lb receptor protein. ^' . Potent ial 

topology of the human Mel-lb recep P ^ 
H-Unxed glycosylate site. Amino d th 

iden tical -t^ -a comparison of the 

melatonin receptors, rig Wol _ lb and the human 

<j ean1 ,Bnce of human Mel-io anu 
dedU ced amino aci £ c o^ ^ ^ 

Mel-la melatonin recept , u095 6l) . To maximize 

and the Xenopus melatonin recep v 

the three 

^ntsl have been introauceu 
homology . „ . - tran „ domains (I-VII) 

sequences. The seven P N -UnKed glycosylate 

are overlined. Consensus sites for N li ^ ^ 

^ n„ 6 H The human melaton lb receptor m 

Co it "in .ensan, under accession number 
heen deposited ^ ^ ^ r 

Fig. r . . iMr-Mel binding, o, 

i« rn<!-i cells assayed By i llCJ - 
expression in COS 1 cell * non specific binding 

. ~. • c;necific binding, *i nu«»F 
total binding; •. s P eC1 " melatonin). Inset: 

(determined in the presence of 10 M« ^ ^ 

scatchard plot of saturation d ta The ; 
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l . i , 10- .. The B„ value is ^ -^^er iBents . 
prot ei„. oata sh^a^re^n^^ ^ 

by va riou S 9 Ugands for -x*X 

transited with either humar , «el b or ^ ^ ^ 

.elatonin receptor d». Ce Us wer ^ 
(M el-lb receptor or 0 pM X Hel ^^ 

various concentrations of 2 ioa „. acety i-5~ 

-r-r r 0 r P : 'i= -ndi;; l 

hydroxytryptamine NAS ^ Ho P ^ ^ ^ _ 

in the presence of 10 ^ 

values of three to five experiments for 

values are listed in Table 1. 
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• i presentation of melatonin 
ng . „ is a accumulation in «H 

experiments. RT - P CR analysis of Mel-lb 

Fig . 22 is a comparative R 

H3.3. u^ina the chromosomal 

23 is a diagram showm, I th ^ ^ ^ 

Ration of the ^"^^ content of the 
chromosome 11 illustrates the chr -xrt< *l» 
son atic cell hybrids used 

receptor gene (MTNR1 » . to llq» • clonlng and 

„o« - g= ^ y Mlatonin r eceptor 
cnaracterizat^n of the "g melatonin la 

cOHA from xenopus laev^ ^ the h , ^ ^ ^ ^ ^ 

receptor from £roB h uman useful in the 

affinity melatonin lb cont aining and 

instant invention. ™" sfo ™ d are also described. 

—" in \risTo-rfo: n r;:rpose - - 

- il- not be construed as liming. 

SSMW JSSa5i , are present in the dermal 

Melatonin receptors are p ^ M.E. , 

melanophores of amphibians (Bagnar . ^ ^ 

^ 522l2ai£l (1970) la-oi- 6 • recepMr 

mediated through the ^h-a«inity msaisals3 x (1969) 
coupled to 0, protein (Abe, K. et 
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85 :674 -682; White, B.H. • •< aqqregati on in the dermal 

m elanophores. mRNA me latonin receptor 

U sed to clone the Xenons ^^ ( J 4) ll , sl , 3 -«37 ) . 
oDNi < EB isawa, T. « d ceUS may be used for 

Either p»*ary °£ clonin , of the Xenopus high- 

the purpose of mBMA acc0 mplished as a 

al£lnity -^^^L, o t «- 

letallT-eptors of high- ^ 

The immortalized cell line ^ mi _ meUtonin bindlng 

- fOU " d W TtTceU froteTn using SO pM -melatonin, . 
The cells ^"f* Y 3:3 8 -«3>. Using standard 

techniques. ^ ^nidinium thiocyanate 

melanophores by extrac chloride 
£ol lowed by centrifugal separation ^^^^ 
density gradient (Sambroo* * •J^^T^T 
20 ^ssr^— 1 ^^Isd , Ke*oval of melanosomes 

PXainview, », . <»•»> £ ^ chloride den5 ity gradient 
prior to separation on the cesi (TBioJ^CbejL. 
lis perform as ^J"^ * £ U=^=T 

i^irirrar^riiid ta — - - 

uas used as a template for the c pha „ acia Biotech 

pr imed cO*A ---J^ere I- wire produced on the 
Inc ., C uqatina with BstXi and scoKl 

double stranded cDNA oy y was slze . 

ad aptors (InVitrogen, San Diego, CA) . 
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a an d cDNA having a length 

£ ractionated on an agarose ge , ^ recovered 

equ al to or greater than 2 * U was llgat ed into 

by -ctroelution The * -l- ^ Dleg0 , CA) and 

t he -Preston vector =0^ ( ^ 

introduced into £. coil mhinant s were obtained from 

i total of 4 x 10 s recombinants we 

Twx,. RNA and divided into 54 pools, each 
5 OT or poly(A) ana plasmid DNA was 

containing approximately 7400 c ones -1 ^ 

prepared from ^ ^ Z T^E-Ltran method 

£ ected into^^V ^ COS - 7 

c^an-a^^ 

penicillin (50 H/ ) , trans(ection , cells were 

at , 7 . c . Three day* ■«« pH 7 . 4 , 

incubated with 90 P M I » and 5% 

containing 100 « » •« Bed£ord , W , 

Nu -Serum I (Collaborative Biomed- Pr ^ ^ 

for 2 hr at room e & ^ ^ 

a „d exposed to X-ray film for 1 * and the 

which shoved positive signals was s idina 
transfection procedu re ^s rep e t £ - ^ 

T his clone, which ^ ~ 

H as isolated and both strands of the cod , ^ 

^ -rrnatlon method of Sanger. 
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, h . t . e oligonucleotides that were 
sequencing primers were synthet ^ formation. 

elther vector encodes a protein of 420 

The isolate* Xenop ^ ^ 

amino acids (Fig- »« *> nNA sequence of the 

molecular mass of 47,4^. , ead ing frame both 

£irst two methionine codons in t lnitiati on of 

* =. vnrak consensus sequence xoi. 
displayed a Kozak c ^^^^Res. (1987) 
translation (Kozak, M. , Nucie_-_ Doolit tle, 

R.F.. LJBa.-EiaU ("821 _ q£ ^ 

amino acid sequence revealed the p^ ^ ^ ^ 

hydrophobic domains (see rig • pr otein-ccupled 

present the transmembrane regions p ^ ^ 

r eceptor. The amino c al o£ most g protein- 

S-linKed glycosylate, a featur ^^^^ (1990) 
coupled receptors (Pearson, « R. , slmilar 
m:63 - 9 s,. The melatonin q£ „ pro tein-coupled 

, ^1 acid sequence identity score^ « a 

approximately 25* for both the mu^ * recepto r 
somatostatin receptors. Using j^^J^jUScilSIU 
d atabase (Komfeld, B. ^^"^T^^^ 
(1985) -w„ biogenic amine and 

:5 group that is d Bt in ct fr ^ 
peptide receptors » J ^ Betabotro pic 

between the melatonin recept in/secre tin 
glutamate or parathyroid hormone -Icito ' 
receptor gene families (Masu et 1.. £^ Lin et 

ai science (1991) <L22.« 

->« TfiS- Juppner, et ai., 5±± 

30 765, Jupp 2 54:1022-1024). 

al., Science (1991) 254- structural 
Tne melatonin receptor has somg receptors . For 



. ■ « , single cysteine residue in each of 
example, it contain, a single y ^ BUtagenesls 

th e first two extracellular 1^*^ et al ., 
studies of opsin and amine recept '"J*^ ,„,„ 

(1987> * ™ which 

85:8459-8463), are d furthermore, proline 

stabiles "•^■^^^J^*.!- - V and VX 
residues are present in tran sutJge sted to introduce 

(Fi g. 7 and •) ^ h ha ;; at b ^ y S ; e 9 I mport ant in forming 

in the alpha-helice* that ma be ^P ^ 

, the ligand bind in, pocK t I Hibert , M.F. et 

al ., aoJ^BlMWCOi,. (199 > _ . n transmelnbran e 

SPXXY (SEO ID HO=7, motif that l re ce P tors 
aomain 7 of virtually all other « J »ot ^ ^ ^ 

, is repiaced W is ». amino acid 

carboxyl tall of the m oonse nsus sites for 

residues Ion, and contains seve ln 
protein Kinase C phosphorylat °" » <a :91 3-922). 

receptor reflation (Sibley et al., 2^ 

Melatojin F^eptor^, . characteristics of the 

encoded Xenopus receptor (S EQ days after 

m transiently expressed in COS ^ 
25 transection, medium was ^jj^s^. The cells 
washed with PBS, and the cells ^ at . 

we re then pelleted ,2500 rpm, W »™. ^ by thawlng 

, 0 .c. Wnole cell binding = ^ « bu£fer (50 m 

^ cells and "^J" a Ta concentration of 

30 T —C1. PH 7 *. - - - _ lncubat ed with 

456 nq protein/ml. The 
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• „ total reaction volume of 0.2 ml 
.^-melatonin (90 pm) in a ^ absence o£ a melatonin 

binding butter in the P" Sen " uas inc ubated in a 

agonist or antagonist; the P germinations were 

shaker bath tor 1.5 hr at ' Assay (The Pierce 

performed using the Pierc « ^ ^ analyzed by 

Chemical Co., ROcM °^™ iogram o£ Munson and Rodbard 
computer using the LIGM-D Pr=,r ^ ^ g ^ , 

<<».., "-^^ binding characteristics of 

T0 further establish , t ^ ^ ^ 

the encoded Xenopus receptor (SBB ^ ^ days 

pcDNAI -as "- siently a ^ a r t e i S on stud ies were performed using 
afte r transfection, saturati ^ (5 to 1280 pM) 

increasing concentrations that 

(Fi g. 10a). » £ ^Unin with high 

transfected COS-7 cells bound iBent s> . The B_ 

affinity {Kj - « ± 3 x 10 , n ^ ± ? fmol/Bq 

„lue using the whole ^-melatonin was found 

o£ protein. HO specific bind ng 

i» mocK-transfected COS-7 o£ specific »I- 

The ^ l *^£U. COS-7 cells was 
me latonin binding in acute^ ^ ^ inhlblt ion of 

next 

examined (Fig. 1 '* _^ VflnnDUS recombinant 

specific "X-meiatonin ^^J^^i. of a 
m elatonin receptor by six Ug M.L. and 

l5 .^^-^TELi 119891 -r' 

Takahasi, J- (19«> SUE- ^ order: 2 - 

wi th relative binding '"^^^^in > .- 
iodomelatonin > ^^^...^.oxytryptamine > s- 
hydroxymelatonin > n acety jmms cDNA 

30 a protein with the affinity 

of the instant invent 
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and pharmacological properties ejected o £ a high-affinity 
Xenopus dermal melanophores is co ^ 

White, B.H. 

adenylyl cyclase (Ahe, K- «^ ^ receptor 

1 7 the aLylyl cyclase regulatory system, a clonal 
coupled to the adenyiy Y stafaly 

° f fa rth'hrreco-l ant receptor « and the 

accumulation was determined. 

— d CHO °^^ ^ asned twlc e with 
dishes. After 48 ^■^J^est*. MO, . Ceils were 
Ham' s F-12 (Life Technologies , ^ me latonin 
th e„ incubated in the « £^ „. c . allowing 

anaiogs (diluted in F-12) for 10 mxn at ^ 
treatment, the medium was aspirated and 1 m 

aa*a to the culture dish. The ceiis 
acid was added to tne c boiled for 

, «. ^ transferred to an Eppendorf tube, 
' collected, transferr ^ ^ The 

5 .in, and centrifuged (13.750 rp ^ 
supernatant was collected and assayed f ^ 

^hihited by melatonin in a aose uey 
forskolin was inhibited by the mean 

,t?;« ii\ • the maximal inhibition 
manner (Fig. 12), «ie ^.tion was 68% at 

fo rskolin-stimulated cAMP concentration was 
forskoim * approximately 8 x iu 

30 i * 10* M melatonin. An IC 50 value P ^ 
- „ was determined by manual curv tt ng o 
Fig. 12. This value was very similar 
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, „ 3 x 10-' M) determined for melatonin 
q enerated K, value ,1 .3 binding shown in Fl g. 

inhibition of spec fl= I ^ ^ ^ alter 

:~ll s-V «an Sf e=ted CHO cell, -the, 
oasal CAMP leve ^ £orsKolln . 

.eiatomn (1 « W «) . n CH0 cells stably 

stimulated increase in CAMP x „ opuS cDNA. Thus, the 

cAMP regulatory system. 

Northern blot analysis is transcripts 
. . leas t 3 hybridizing transcrxp 

betWee " 2 - a " ri ; The presence of multiple 

(S ee below) (Fig- «) posttra nscriptional 
5 hybridism, bands may represent p ^ ^ 

edifications o £ ™ Z structurally similar genes, 

transcripts from different, stand ard 

! ° aS f^Tiaf ubiected to electrophoresis through a » 
Poly (A) was J hlotted on to Genescreen (New 

aga rose-formaldehyde gel, Wotted o ^ ^ 

Enql and Nuclear ~ cDNA labeled with 

° £ ^/cTp ,00 i/mmol, by the method of random primin, 
25 [0 ,-»P)dCTP (20 / ^ conditions were 50% 

(Promega, Madison, WI) . »y» 10 % dextran sulfate, 

. . , M .odium chloride, 1* SDb, i"» 
formamide, 1 M soaiuu. overnight. 

/„i denatured salmon sperm DNA, at a 
and 100 M/ml denat " was in 0 . 2X ss c/0.1% SDS at 

Th e final washing «* SCO to K-ray film 

«.p for 40 mm. Blots were v 



30 65°C for 40 min. 

with an intensifying screen 
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J'^lin "f " '"•" P Mlq -. <nltv me latonin receptor from 

T0 done : e degene „ te prlmer s were 

sheep using standard methods fully 9 ^ s , 

designed based on, for example th P * ^ 

AIAINRY. («, XO H0:s, (resi due 1 m, 

<SEQ ID To 1 !, In, 1 " these populations of 

(SEQ id No-.i) (Fig pars tuberalis M 

degenerate primers. RT PC ^ uas M% 

region of -J^^^^. this fragment was 
To isolate a longe nr i m inq) producing a 

•4-v, r^PTdCTP by random primmyj v 
labeled (e.g., with [ P]a i stri ngency conditions) 

pr obe. r/aus 1 DH A library 

was carried out on a sheep p rataqene , La Jolla, CA) 

^ • 7rp II vector (Stratagems, 

constructed in the ZAP II v ( see e.g., Ausubel 

• =*- a ndard hybridization techniques (see g 

From - e%= — 

Tor contained the entire „ coding region, 
downstream „ _ the anin0 

domain, but did not -^^J"^ ot this ONA clone 

reg Th »::::: ^-1", * — - *— 

was labelled (e.g . r ^ ^ ^ (e . g ., 

(see e.g.. ^« bel et al " ™~ , a sheep genomic 

by the standard technigues described, s^ ^ 
Ubrary (1. EHBL-3, catalog number UL 1001 , ^ 
Alto, CA,. one clone was iso a - * ^ 

remaining 5' sequence of the coding 
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» 150 bp fragment of this genomic 
sequencing techniques. A 15 P consensus sequence for 

clone, containing a -thionine w th ^ ^ 

the initiation of transition was^ ^ ^ ^ 
standard techniques (see ^ Diego , CA) in frame 

a vector (e.g., pcDNAl, mVitra*. . Qf ^ cDNA . 

wit h the corresponding -"^^^ 3 66 amino acids 
Th e ligated -truct - ^ ^ >ff ^ 

(SEQ ID NO:4) which binds [ I]* 

ID „o:3, DNA cloned into ^ % ^ receptor 
cos . 7 cells. For Ugand binding duMd into COS-7 cells 

using the DEAE-dextran method (CuUen ^ 

, 19 .7, ^34-70,,. ^°"; d f u : ly wa rre B oved. the cultures 
transfection. cell culture were har vested. 

di shes were washed with PBS. a d the = ^ ^ ^ 
The cells -ere then pelleted <™ > were performed 

stored at -SO'C. vmole cell bindl , fauf£er 
by thawin, the cells and ^ . concentra tion 

(B „ *M Tris-HCl, H 7 , wit suspension incubated 

of 2 oo-500 w protein/ml- rea ction 
wlth »itn or without ( nsion as inouba «d 

volume of 0.2 ml binding a"""' &u determln ations 

ln a shaker bath for 1.5 hr at . protein 
wer e done in either duplicate or «iP U prQteln 
leasurements were P-—™^ ^ u ter using the 

30 LI G AND Program of Munson 
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fo r the Xenopus clone, "V.^ that 

with the sheep Mel-la ^ ^ „, mean 

with high affinity K. - shMp receptor clone 

experiments) . Tne o m qrea ter than 

using the whole can binding « ^ o binding of 

112± 5 fmol/mg of protein (Fig. " CQS _ 7 oells . 

— — - r /rel Pharmacologic profile of 

The sheep ^ ffiel P atonin deriV atives was 

relative binding affinities 

shown to he ^^*ZZZ Competitive binding of 

/ eceptor pressed 

SlX ''f a COS-7 cells showed that the ran* order of 
«ansfected COS 7 eel ^ ^ ^ uqands 

inhibition of speclii s.-hloromelatonin > 6- 
hydroxymelatonin > N acetyl 

hydroxytryptamine (Fig. 14b) . inant she ep 

^ receptor enco ded J, ^the . t u 

, melatonin la receptor was tested a£J nas been shown with 

coupled to inhibitory 0 ^ inoludin g sheep 

t he endogenous recep of^v ^ ^ 

.Carlson, et a ( 1 * » ««- fa transfecte d with the 

^ Tor 11 « !» -0 = 3) -bcloned into pONM » 
5 sheep receptor cDHA ( exhibl ting high levels of 

(I nvitro,en, San Diego, CA) an ^ ^ 

Belat onin (>- - ^ m 3T3 oeus 

using 100 PM "I-M el > were f orty-eight hours, the 

were plated on 35 mm dishes Aft ^ ^ 

,1= were washed twice with DMEM, ana tn 
jO cells were wa 0 n at 37 c. »<- 
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The cells were collected, 
afid was added. i» e 
50 mM acetic add wa ^ 5 >inj and 

transferred to an Eppendorf tube supernata „t was 

a Ml 750 rpm for 15 mm). lne a 
centrlfuged (13,750 p deter minations were 

collected and assayed o =^ ^ in 

done in triplicate. Cycli dard techniques, 

duplicate by radioimmunoassay by stand ^ 
Mthough melatonin did not alter ^ ^ ^ 

in the stably Urease induced by 10 ,H 

dependent inhibition of ^^ at ed IC, value for melatonin 
torskolin (Fig. 1"). me latonin 
„ a s 1 x 10- M, comparable to the * val 

i25 T-Me i binding (2.4 x j-v 
inhibition of specific inhibit 

ng . 14b) . important^ = - ^ NIH 3T 3 celis 

S?^^ - - — — 1 NE0) ^ 

sheep Hel-la ^^ Mmsnt (PTX! 100 ng/ml, of 

Pertussis toxin pret completely 
receptor-transfected - ^ inhibit the 

abolished the ability of I* _ ThuSi 

forskoUn-stimulated increase in =*MP (^9^ q£ 

UKe the endogenous ^ ^SS) ^ Morgan et a!., 
vertebrates (Carlson et .1., < I _ ^ recoBblnant 

(19 ,0, SMsar «* ite et . 5 ':' ' ' lyl cyclase through a 
sheep Mel-la receptor inhibits adenylyl 

pertussis-toxin sensitive pT revealed a maj or 

northern ^ ^ .. 5 Kb and a minor 

h ybridUing transcript o ^ _ £Mnd 

transcript at 4.2 Kb. »o y antis ense cRHA probes 

pa rs distalis (data not shown • ^ Jn sltu 

prepared using sheep melatoni a stro n, 
hy bridi 2 ation of "^^n fi lm 
hybridization signal that was v 
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n\ . no siqnal was 
Kaon PT (Fi9* 1 ' ' 
autoradiographs of th. , *"P distribu tion in PT was 

detected in pars T reoeptor protein using «I- 

identical to that found «» lon of she ep was 

not examined for melatonl receP ld e„tified in 

affinity --^^ autoradiography 
sheep SCN using Bisl.JSErod- (1990) 

(Bittman, E.L. and Weaver, D.R.. 

4i:996 ""' '„ tissue of Siberian hamster and rat were 
Brain tissue . tributi on of melatonin 

examined to iUustrate the d st ^ ^ 

receptor in brain of ° th « J lve and circadian rhythms 
k nown to have affect on repro^ ^ ^ a , M - l9 0, 
(Bartness, T.J. et al., -—-^X-Baaifil- (1993) 
Margraf, L * nch ' = — — ^^i. (1990) 

2S4...R615-R621; and CaS3<, " e ; es o ;' specifi c «I-Mel binding 
^45,-464, . The ma,or .„ siberi an hamster 

and ^lX nS TJ^^ nucleus of the 
brain are the PT, sc sections by in vitro 

20 thaiamus as se e aiso Weaver, O.K. et 

autoradiography (data Thu s, in this 

.1.. ( " 8 '' 2 o£ melato nin la receptor * *nd 

species, the t0 jus t a few sites in 

pro tein are ^ntica and rest ^ ipt 

25 brain. The PT ^ in adult and developing 

hybridization and I dlstrlbution of melatonin la 

rats (data not shown) . t binding 
receptor mRNA was 

throughout the SO, in both exaBin e d . including 
„ all non-numa^ls^^ ^ ^ 
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^ 1, receptor in PT. The 

p T currently appears to effec ts on reproductive 

Mlatoni „ — r = -~ e contalning melatonin „ 

function. The iiST_ Me i in vitro 

receptors (as aet ected w i exaoined 

autoradiography) in an mechanisms by 

4- M991) supra j . 

to date (Weaver et al., ( tonin signal and 

which the PT processes the da y hypot h a lamic 

. +-hat information to i"J-->- 

communicates that mi „ ift y,_ a f f inity melatonin 

— - « <ZZJZ£ -tected in the human 
receptors have not been c suggesting that 

„ by »X-Mel in vitro Ln Z*» „ y occur 

neuroendocrine ^"^jTZ^ -an those that 

trough nt f e r ep roduction in seasonally 

underlie the regulation of repr ^^jndocxinal- 

breeding species (Weaver, D.». et al 

„ e£s6 . (1993) 24=295-301. 

Degenerate primers were des g ^ ^ 

conserved amoung other mammalian ™» ^ reaction 

as those from sheep l~™>^ . 466 b p f ragment that 
(PCE) of mouse genomic mK Y"" the rat an d 

L s 94% identical at the ^ - - _ „ ^ 
Djun ,arian hamster « - « eP ^ ^ ^ pcR . 

hybridization of adult 057 ^ idizatio n pattern 
generated fragment produced a kyb ^ 
consistent with that expected for t he ^ ^ 

receptor. Hybridization signal va m ^ 
hypophyseal pars ^«^- w was isolated 

rrrm^rcrre — - — 
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* r,niv(A) + RNA indicated a 
receptor, northern analyse •« -J » kfc _ RT . PCR ua s used 
transcript length of re , ion (10 59 bp) of the 

to generate the full length t o the human 

receptor, which showed °" o ^„ alysis , S . ana 3- BACE 
Mel - la receptor. «»" f^ /e BOUSe EMB.3 SP6/T7 
cloning, ana screen.no of a BA / ^ consists of 

q enomic library revea lea th t ^ 3 , 

2 axons dividea by a a < ^ inoludes the 

untranslated regxon as 44P proteo tion assays 

. Mel-la receptor are shown in Fig expressed on 

mouse Mel ia Mel-la receptor expre 

The recombinant mouse a££i „ity comparable to 

o t rails bound melatonin with nig re ceptors. 
cos _ 7 cells b s ^ huffian Mel . la 

the binding affinity o 



uirrh-Af fini^Y wel-la 
E§il t^f__the^mJii3^ 
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•pr»1 at 

EeceEtor ^-affinity melatonin receptor, 

- clone pjtide sequences >■ 

the degenerate pr^ers base ^ ^ xenopus 

MAINRY (SEQ ID -0=8, (rescues ^ jf 

aeduced amino acid sequence (8» ^ deduced amino 

(SEQ ID -0:9) < re3ldUeS „ n 2 " „ ere used as describea above. 

l cl a sequence (SEQ ID » = »1 "J* PCR technics 

„ UB an genomic DNA was amp £ V inate ly 400 bp 

using the generate primers teohniques . 

fragment was isolatea ana sequenc 

T he deduced amino acid sequence of ^the^ ^ 

65% identical at the »» » atonln receptor. 

portion of the Xenopus hxgh-affm 
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11a , „ by random primer 

labelling; see e.g., Ausube » clon tech, Palo 

. y^rarv ( in vector EMBL J , 
human genomic library I hign stringency 

Alt o, «. techniques «- 

conditions using stand ^ hybridizing 

e.g., Ausubel MEM) ^ recoBblnant clones 

clones were identified f by stan(Jard 

screened. The clones were pM» P lon 

. rti nested with appropriate res 
techniques, digeste „ 0 -* or for sequencing 

and subcloned in to a convenient vect ^ ^ 

«..,.. pBluescripf. ~;;;^ on J ;; s ' sequenced using 

insert DNA (S«Q 1° * °" e ^ (SEQ ID N0 :3, and 

standard techniques. Using th . *-P < acid 

.enopus (8» 10 > ,0:1 '; UC r/o: . respectively, for 

sequences (SEO. ID NO: 4 and s» ID « ^ ^ ^ DNA uas 

comparison (see Fig. 7 an codin g region from the 
f ound to contain a portion f £roB the first 

"GNXFW (SEQ ID NO-.10) motif 5« ^ ^ 

transmembrane domain (see Figs. of ^ 

3. end of the coding reg on- ™> * tQ tne sh eep 

sequenced clone U t corresponding 
MCle0tide T hrre an* -In deduced amino acid sequences 

L ana « » -^-r^^ regions, 
approximate^ ..* ^"tica ty the 

Thus the human DNA fragment <™ « stron9 identity to 
abo ve techniques encodes a „ elatonin 
the corresponding portion of high affini 
receptor in another mammal ^ ^ ^ (> 2 . 0 tt 
Th e human moti£ „ (SEQ IN NO: 10) . 

^ ^^^1^ the coding region of the human 
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«- nf the coding region of the 
receptor, the 1» * ^ ' _ frM this GNXFW motif 
sheep receptor imediately P at 1<w 

wa s used to reprobe the Juiman ge hybridization 

stridency (for — ^ ^ al . (MM) . no) • On. 
conditions see e.g., isolated and found by 

p ositively the , end of the 

standard sequence analysis Reppert , et al., Hal* 

i„„ rt-PCR (see e.g., Kepp=i 
coding region. RT g . o£ from human 

EffiJasliml . ,1991) S-- 1037 ; 1048 ' s dlrect ed at the 5' and 
hypothalamus using anpli£l ed the expected 

3 , ends of the putative coding g ^ ^ ^ 

oDHA . -UJ»«*- ; boloned lnt0 pcOHM - sequence 

anltyT anient expression of the receptor 

-^'sequencing results -«^TJS 
instant invention encode a ^ coding re gions 

fro m Xenopus sheep, and human Over , ^ ^ 

o£ the sheep receptor J- melatonin rece ptor. 

,0% identical with that of « u „ % . ^ 

Within the "ansmemhrane domains ^ ^ ^ 

most dissimilar "' l ° n V terminal regions, 

-eptors was in «- receptors contains two 

The amino terminus of the - ^ OOBpared to one 

consensus sites for ^ ^J^re , the carboxyl tall 
site in the frog receptor. F ^ ^ resldues 

of the sheep and human receptors c(mplet . human 

shorter than the Xenopus rece ptor t ^ 

high-affinity melatonin recepto : M . approxlBa tely 
approximately an at the nuc ^otld e^ 
80 % at the amino a«d - ) when 
SSl'TSrJl transmembrane domains. - 

33 
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* e that the human and sheep 
hig h structure homology ^"J^^or. 
clones are species homologs of the same 
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jnrtina SI 

3 a p^neptor a ffinitv melatonin la 

complete human high-affinity * 

recepto ;T s ;° » j^^clt--*- 

t ransiently -^^^^ the sh eep receptor, W 

were 7/ = a d ;°; r orBed as described above for the 

Scatchard analysis ipe s 
Xenopus and sheep clones, revealed that 

tra „sfe=ted with the -"^^^^JjCelatonin with 
containing DMA of SEO ™ \ . 2 

^ IX Ihe lie cell binding assay was ,10 and 
The B_. «lue using ^ ^ 

22 0 fmol/mg protexn or ^ ^ , Hl . melatonin 

experiments (Fig. "I • For the huBan 

was found in mo=K-tra„sfected COS 7 eel ^ ^ 

done, the ranK ^ ^ .^ato! « — - 
for sheep, except that chl ^ 

potent in ^'7^^. Thus , the recount sheep 
Usted in legend of Fig. MM ^ >ff ^ an(J 

and human receptors bind characteristics of a 

exhibit the appropriate ^^jL and Ta Kahashi, 
hig h-af t inity melatonin receptor 

Rivkees et ax.» f"f"* 

M988) 51:1436-1440). 

„. . A ffinitV TTrl-lh Por;p.ptor.. 
I^ti S n_ fi f_^^^ used 

To done ^"J^^Z* oligonucleotide 
to amplify human genomic DNA with deg 
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T-Psidues in the third 
a nn conserved amino acid resiaue 
primers based on conser g melatonin 

and sixth "^-^^r^^onin receptors, 
receptor and mammalian Mel la J el nomic DNA was 

For PCK with ^^^^on with 200 nM (final 
subj ected to 30 cycles o^-^^ primers . Eac h 
concentration) eac o ^ ^ ^ Q for 45 sec , 

reaction cycle cons ste ^ ^ 

45 o C for 2 mm and 72 amp iified DNA was 

polymerase (F^™*^ The ^ 
separated on an agarose ^ , an d recombinant 

pCKTMXl using a TA Cloning K t (In ^ 

clones were -^^^ reve rse transcribed from 
genomic DNA or first str ^ lcation usl ng 

RNA was subjected to 25 to 45 sec and 72°C for 

=,-»- Q4°C for 45 sec, 60 <- lOi 
incubations at 94 C f separate d on an agarose 

2 or 3 .in. The amplified DNA w (Invltro gen) for 

„1. DNA bands were subclone* int pcDN ( ^ ^ 

egression studies and sequence transoriptlo n 

. „ 4r OT - the comparative revci 
southern anUysi, fo - ^ (described he rein 

polymerase chain reaci- 

below). SP6/T7 (Clontech) 

A hMa ;rnXred Tcoiony Plague screen alters 
was Plated and tran erre ^ 

(N ew -^- d ;^ , hi ; h ; o f r red uced stringency. High 
conditions of either nig nvbri dization in 50% 

stringency consisted of overhigh hybr ^ 
£ ormamide, 1 » sodium Gloria., 1 »»». ^ 

wash ed in ,x SSC - . atlon solu tion at 

stringency consisted or „ ontratio n was 25%; the 

„.C. except - formamide cone t at ^ ^ ^ ^ ^ 
filters were washed in 2x SSC, 
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L ambda phage that hybridised to the probe were plaque- 

PUrlfUd A novel cDNA fragment (364 bp, was found by sequence 

analysis using standard techniques to be 60% identical at 
analysis using ^ ^ Hel . la receptor 

the amino aold level witn PCR -fragment was 

or the xenopus melatonin receptor. This p<-k y 

I— by a standard ^^r. 

iu te^uw , , vh sacl-fragment of one 

identified and plaque purged. A 6 Kb Sac I ^ 

„* the aenomic clones which hybridized to the PCR gen 

of the genomic nart iallY sequenced. This 

nH , foment was subcloned and partiany * h 
cDNA fragment w putative coding region 

fragment contained the 3 end of t P lasmic 
^ ,. 0 nrtPd 5' to the GN motif m the first cyto? 

h uman and sheep Mei-la receptor genes (SEQ ID w.ll 
TDNO-3 respectively; Reppert, S.M., Weaver, D.R. . 
™ I »»94) Neuron 13= 1177-1185). To obtain the 5' 

Ebisawa, T. (1994) Ne fragBen t encoding the 

portion of the coding region, a 160 Dp irag 
Ifs tra smembrane domain of the sheep "l"-^ 
receptor was used to reprob. the seven positive n 
clo „es at reduced stringency (Reppert, S.K. et al 
A 2.3 kb sacl-fragment of one of tne gen 
S'hydridi.ed to the sheep receptor fragment* was 
subcloned and sequenced by standard techniques Th 
SacI -fragment contained the apparen t 5 end o th dl^ 
region which includes an upstream, in-frame "> etn 
a consensus sequence for the initiation of translation 
V T H (1987) Nudeic Acids Res. 15: 8125-8148) and a 
' ( sinus's te fL H-linKed glycosylate. RT-PCR of RNA 
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* * the outative coding region amplified the 
and 3' ends of the putativ __ licing predicted from 

ejected cDNA with the receptor gene 

genomic ana^s of the coding 

£or expression studies and sequence V ' ^ 

a , no acid sequence of human Mel-lb recept 

^h ^^corresponding seance of the Sacl-genomic 

'"^"^an melatonin-lb receptor encode, a protein of 362 
T ,SEQ ID NO: 16) with a predicted molecular mass 

of 40,188, no o£ a newly descrlb ed 

(Fig. 6). Human Mel-lb a m Qther 

-atonin ^^^-^1*. - 

reC : Pt0r Jen O tTec piors, hat comprise the prototypic 0 
-r/eceptL family (Kbisawa, - - 

Trie -l.^cad Sci. US, ,1. a 

i ri994) supra). Unique features of this group 
al. (1994), suh__; transmembrane 
HK Y motif just downstream from JD NQ:17) in 

i-var» hry^ and a NAXXY motn 
domain l^**™™^ <«> » " 

tranS d :^n tL n^an Hel-1. receptor, the mammalian Mel-la 
In addition the ^ ^ have . 

receptors and tne xe p downstreM from NKY 

r;: :::: - — - • 

huM n Mel- lb ; revMl approximat ely 60% ammo 

xenopus melatonin sequences (Fig. 18) • 

acid identity for any pair of the thr J 
Within the transmembrane domains the am.no acid 
among any two of the three sequences is 73%. 
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^similar regions among any two ,< ^ ^J"^ e cond 
ln th e amino- and carhoxy-termina r eg o n - ^ 
and third cytoplasmic OOP, x ^ yoosylation £or the 

a rec p- «n,. ». -wer,. The possihility o« 
"dditional upstream transition start sites cannot he 
excluded. 

jh Exceptor ^ooerties of the human 

Binding and pharmacological properties 
Mel-ih r-epjr were examined hy transient!, express.no the 

"^° r C^^:^ formed as allows. COS-1 
15 Express j. Mnnn i aV ers in Dulbecco's 

an d m 3T3 cells were ^ ^Zli wit h X.* fetal 

-^ified Eaale's medium (DMEM) supp±w 

Tl erX peniciUin ,50 W»l> . an* streptomycin ( 50 
• Z CO at 37 °c. For ligand binding studies. 

„g/ml> in " ^ cls were introduo6 d into 

20 melatonin receptor cDNAs in y , B- (198 7) 

COS-1 cells using the DEAE-dextran method (Cullen, 
Methods Enzymol. 152, 684-704, Three days after 

=r ~ r,r^T r .... 
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denize, using a .ounce —genizer and -triced 
,45,000 x , ; » at 4.C,. The resul ng p e et 
resuspended with a dounce homogemzer in THE 

80 ° C "J^W were performed in duplicate in a 
ana! vol! of 200 ,1, consists of 20 ,1 radioligand 

0 , « -»« inin9 6ith " Belat ° nln OI t' ted bv 

r , membrane herniates. Incubations were initia « * 

th e addition of the -brane prepar ^ 'defined by 10 „M 
a t- 17 °C for 60 min. Nonspecific binding wa 

melalnin All determinations were done in either duplicate 

" triPl p rotin measurements were performed* the method of 
Bradford (Bradford. M.M. (1976, Anal. Biochem 72, 248 254, . 

! bovine serum albumin as the standard. Binding data 
using bovine serum LI gaND Program of Munson 

were analyzed by computer using the LIGAND g 
and Rodbard (Munson. P.J. and Rodbard, D. (1980) Anal 

Biochem. 107, 220-239). 

K0 r comparison, binding and pharmacology of COS 1 
cells transiently expressing the human Mel-la receptor were 

„ in oarallel. Scatchard transformation of the 
assessed in P ara " el - ls trans fected with 

saturation data showed that COS 1 cell 

either receptor bind «I-Mel with high affinity. The K, 
either recep + SE . n . 

human Mel-lb receptor was 1.6 ± 0.3 x 10 i 
5 experiments) (Fig. 19) . This value represents a 4 to d 
lower affinity than that of the human Mel-la receptor «, 

H 0 6 x 10- M; n - 3) found in parallel experiments 
The B values were 2.7 t 0.1 pmol/m, membrane protein for 
^Mel-lb "ceptor and 2.8 * 0.4 pmol/m, membrane protem 
rthe human -la receptor -^^^-1. - 
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lb receptor and compared with those of the human Mel-la 
receptor (Fig. 20; Table 1). 

TABLE 1 

•«■• of various ligands for specific «I-Mel binding 
Competition of various x-i-y 

in COS-1 cells transfected with either huaan Mel-lb 
Mel-la receptor cDNA 

K, (nM) 

Compound 
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Mel-lb 



Mel-la 



Ratio 
(Mel-la/Mel-lb) 



2-iodomelatonin 0.17±0.02 

2-phenylmelatonin 0 . 26±0 . 06 

S20098 0.23±0.04 

6-chloromelatonin 0.66±0.04 

melatonin l.H±0.13 

HAS 595±127 
5-HT > 10 ' °°° 

prazosin > 10 > 000 



0.0910.01 
0.21±0.06 
0.72±0.11 
6.7810.91 
1.4810.21 
9861137 

> 10,000 

> 10,000 



0.5 
0.8 
3.1 
10.3 
1.3 
1.6 
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o a n + <?E of 3-5 experiments for each drug. NAS: 
K values are meaniSE or J 5 _ nv droxytryptamme. 

Squibb, Princeton, NJ. 

For hv»an Mel-lb, the ran, order of inhibition of 
specific -I-Mel binding by six Ugands was 2-iodo.elatonxn 
A-phenylnelatonin > S-200 9 S > t-^™^™* Table 
melatonin > H-acetyl-5-hydroxytryptamne (Fxg. 20a, 
1) . Micromolar concentrations of prazosm or 
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„. f j. i^T-Mel binding in cells 
potent in inhibits, £ ^ x) . Tnus , 

expressing human Mei-lb receptor <^ 2 ° b 
human Mel-lb receptor cDNA encodes a 
binding characteristics that are gulte similar to 
the Mel-la melatonin receptor. 

Melatonin Inhibits cAKP Accumulation in Mel-lb-expressin g 

CellS ' The recombinant Mel-lb receptor is coupled to 

Tne reco M el-la melatonin 

inh ibition o t adenylyl cyclase _ 

—\ ortT'st^es -e J- clonal lines o f „J» 

. ., h fhis receptor cDNA in pcDNA3. 
cells stably transfected with the recept 

^ utu rra cells were grown as monolayers in 
cos-l and KH « «^ J dium (DMEM) suppl emented with 

::;Teti;%:r/sr r i peniciiun ,« - ~— » 

in pcONA3 were introduce* into COS-1 c« 
DEAE-dextran method (cullen, B. (1987) «»*--> 
a£t er transition, medium was -^l^^^TU^ 
washed with PBS. The cells were harve ste .in Han^s 
salt solution and centAfuged (1400 x g; 10 mm, 4 c) 
sait . , af -onor Crude membrane 

resultant pellets were stored at 80 C cr 
nomogenates were prepared by thawing the pel ets o 
■ resuspending them in TME butler (pH 7.4) consisting 
' Trts base, 12.5 - MgCU. !mM EDTA, and supplemented with 
10 w/1 aProtinin and leupeptin. and 100 
phenylmethylsuifonylfluoride. The cells 
homogenized using a dounce homogemzer and «"^ ed 
, 5 .in at 4-C) . The resulting pellet was 
0 (45,000 x g; 15 mm at 4 <-). = „ ™ E and frozen at 

resuspended with a dounce homogenizer in TME and 
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■sec u Bi n di n, - -:;i; t t; o£ 20 * 

in , final volume or 2uu 
duplicate in a final oither melatonin or 

. ,• «h ,n ui TME containing either meia 
radioligand, 20 fii „„ onates incubations were 

■ , r a „d 160 Ml membrane homogenates. inc 
displacer, and 16 ° * membrane preparation and 

initiated by the ad i on of ^ binding was 

were conducted at 37 determin ations were done in 

defined by !0 £ »^ ^ protein ro easurements were 
eith er duplicate or trip ^ ^ 

performed by th -t ^ ^ Binding 

jmaa) , using bovine program of 

data were analyzed by computer us ng ^ 

Mu nson and Rodbard <™' cDNA in pcDNAS was 

„»i For cAMP studies, the recepi 
SHEM ' , mtu 3T3 cells using Lipofectamine 

introduced into NIH 3T3 eel resistant to 

(GIBCO/BRL) ^ Transformed NIH W^^ ^^ _ lsolated and 

— ^^r^CTu vacate 
Transformed NiH 
^- » oc Fortv-eight hours later, the cens 
on 35 mm dishes. Forty exg 

h , , 2X > W ith DMEM and preincubated with 250 
washed (2X) vixn 1Q min at 

DMEM with .50 ,M XBMX for 10 »in t 7 . ^ ^ ^ 

tre at*ent, the medium «| , a P ted ^ 
acetic acid was added. The cell cent rifuged 
to an Eppendo- tu* - ed _ and 

(1Ji75 , rpm f~ »- " et T - in / tions were done in 

t°e Sc* ^els were determined in duplicate 
triplicate. Cyclic «n „,,_i M ri »I-Mel was 

by radioimmunoassay (New England used ln 

purchased from Hew England Nuclear. All drugs 
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• Indies were purchased from Sigma, Research 

Resu , „ aMP levels in stably 

transfected NIH 3T3 ceiis accumulation 
aepe ndent inhibition of the -re inhlbition 
induced by 10 forsKolin (Fig. 21). 4 M 

- «- — tor n iin t idT : . i « 

oe latonin. The estl* «d ^ rated „ value 

10 „ M, ; as^ s ;; - t ^ ^ inhibition of 

'"cU c £~ ^ding <«,. 2,; Table 1). Thus, the 
specific rec eptor is negatively coupled to 

recombinant melatonin-lb receptor 

the cAMP regulatory system. 

— ^^Luciease oappi „g and PC* analysis o £ 
genomic Z- showed that the portion * * - « 
Lodes the coding region of ™™ "'^^J that u 

endonucleases was P er = us. a PO ^ 

T - ^^^^' a pattern of sln9le " 

Under high stringer * M «»i-ib receptor is 

was observed, suggesting that human Mel 

encoded by a single «P» ^.^ intronlo 
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- ■— - rsrrsrr: =r..r 

Kiman chromosomes was screens v 

human cnro r ^ HoUSffianf D.E. & 

Brook, J.D., Martin, 207-214; 

„ t n?9il Somatic Cell Genet, j./, 
Galli, S.J. (1991) a«i (1991) Genomics 

■r Rrook D.J. & Housman, D.E. U« i 
i pelletier, J., BrooK , u Cor iell Institute, 

3'(SEQ ID NO:19) and primer amplified 

0 . single band only ^ 

chromosome 11. The Mel ^ of a panel o£ 

localised to band llq21 22 By delet ion fragments 

,..11 hvbrids containing various aeie 
somatic ell hybri H ousman, D. , Lwr". 

o£ human chromosome 11 <G1«« . ^ ^ 

GeMt ; 1,1 * «» designation MTNfil «. 

rMePt ° r T0 assess 1 tissue distribution of human Mel-lb 

,-,ve RT-PCR analysis was performed using a 

°°: Pa o a prevfously described procedure (Kelly. 
20 Bodification of a prev J ^ ^ 

«.».. .urgens. J.K., Ten . ^ _ poly(A) . 

S.E., Bnanuele, M.A. I eacn tiS sue 

« was purchased from Clontech and UK <J ^ aB 

U as primed with random hexamers and reverse ^ 
25 previously described <Keppert S.M ^ 

30 so that^ould amplify - -J- -^^JT fo r 

. ^ fir** cvtoplasmic loop. Since 
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DNA The human Mel-lb receptor primers were 

5' -CTGCTGTACAGTTTGTCGTACTTG-3 ' (SEQ ID ' ^ 

a band of 285 bp. "^"--""/^"rirstone H3.3 

- — r "g z;::^^ » »..*> - 

tand ° f merp'cR, the reaction products were subjected to 
el ectrop h ore S U t h rou, h a 1,* .arose oel and dotted onto 
GeneScreen ( „ew ^land Kuclear^o 25 . mer 
«w»r-ificitv of the assay, blots were ny 
"^nucleotides, labeled .it, tT -3»,«P * - 

^nucleotide Kinase, ror ^^JrTs^ of the 
ol i,onucleotide probes were specie for * 

fraoment between the primers. Oligonuci 
:err 5 -CT M XCC T CG T GG=C RA X™ T G-3- ( S E Q ZD 

NO = 26) for human Mel-lb ""P*"' the nuBan 

EDTA. The blots were washed to»c m 0.2 M HaPO., 

n j rt-PCR from rat brain 
Mel-lb receptor cDNA was cloned by RT PGR f 
RNA; the rat cDNA fragment was 81% xdentxcal at 
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M i ih receptor. The rat fragment was 

receptor (Reppert, S.M., weaver, 

10 NeUr0 " "JZTiL ^ low -el - — . 

^ expression of human Mel-lb and Mel la recep 

the expressi ^ receptor was 

6 ^ nn t n w 'much lower expression in whole 
15 expressed in retina, wi Mel _ la receptor was 

b rain ana hippocampus *«« ^~«^et-.l. 
clearly expressed in whole brain, wit 3 
expression in retina and hippocampus. o£ 
« , la receptor mRNA was detected in pituitary, liver 
Mel-la receptor aBount o£ rna reverse 

20 spleen. To ensure consistency in transcription 
transcribed and the efficiency of the rever ^ 
reactions among the tissues «»^^ v ^ pmM . 
was amplified from each tissue examined, very P 
Implications occurred among the six tissues (F ig. »>• 

25 He^aiiv^h^^ti,^^^ 

ml Mrl-IT fetors Me llb-receptor 
One feature that distinguishes the Mellt re P 

f rom the Mel-ia receptor is its t^/^ pt ^n 
substantially greater T""^'^^^ on 
30 retina suggests that melatonin may exert it 

mammalian retinal physiology through this receptor. 
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• „nits the ca-dependent release of dopamine in 
Melatonin inhibits the re ceptora with 

rabbit retina through activatio ^of » J> ^ ^ 
pharmacologic specificity comp TaK ahashi, J. 

'or the Mei-lb receptor (Oubocovich, Dubocovich , 

(l ,,7) Proc. Natl. Mela ; onin appears to act in 

' 19 "' Na Tec t severa! u,ht-dependent functions, 
«„ retina to affect sever ^ pha90oytosls 

including photopigment disc she g 219IlM i-M*3; 
(B esharse. J.C. « 0-s (1991) cell. Mol. 

cahill, O.M., Grace, M.S. 

— he d^° the «-* — — :r t^e of 

the Mel-la receptor BaW clrcadia „ and/or 

r eceptor also ^T^ZoL though Mel-lb 

productive actions "-^» .„ ^ hybrid ization in 
receptor aHHA is not detectabl by in these or 

~ sa) or rsit:;: y t revr;: — ~— 

other neural sites ax- 
detection methods. featU re of the Mel-lb 

A second distinguishing feature melatonin 
•« its chromosome location. The Mel id 
receptor is its chro llq21 _ 22 , a region 

receptor maps to human chro ^ ^ 

synt enic to -"^-^J,^ cell antigen 1 ( W ) 
^-dopamine rece ptor _(«■ > ^ Res 

loci (Goldshorough et al. ^ ,. M . and 

21:127-132; seldin, M.F., Saun cont rasts with 

„ n, ,v M991) Genomics 9:678-685). in 
Howard, T.A. (199U chromosome 4q35.1 

th e Mel-la -eptor -ich m^P to^ ^ 
and mouse chromosome 8 t , not mere ly 

fU nctionally «^ an ancestral gene, 

evolve by simple tandem duplicate 
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^ -r.^ cuch as chromosomal 
but su gg ests that other Bechani^ . 

r earran g e»ent and ^ ^ q£ ^ 0 
protein-coupled, m evolv ed to subserve 

leS st «o distinct h ;;^ v elopoent of . ot 

aeiatonin's functions. The de j? selec tively affect 

identifying P*^ 1 ^ 1 /"™^ an i»portant 
Hel-ia and Mel-!b receptor funct on s 
therapeutic application made available 

invention. 

m^i^M^^^f^ with the Xenopus 

Ac ute "-'-""I:;;!;:,, receptor clones 
selatonin receptor and the sheep M ^ ^ ^ 

results in transient * '/Jd Fi ,. u „. 

.elatonin with hioh a "^J^, blndin9 to Xenopus 
Additionally, specific lnhi bited by six 

receptor «-» ently ;: Pr t ;:; ed is id entical to that reported 
llg ands in a ran, orde ^ that s ^ ^ ^ 

for the e I (1987) . s^a; R ivKees 

mammals (Fig- 9 > < uu . lm (198 9) supra). 

The ability of the £ors Kolin-stimulated 
m elatonin receptor to inhibit the f feoted CH0 

increase in c* ^ endogenous receptor 

ceils is - si f en ^ : h s ; U n : transduction pathway for the 

wnich show that a ^ . nhibltion of adenylyl 

^-affinity Mel - P ^ ^ et al 

cyclase (Abe K. u ^ 1S 

^j^, . Finally. Xenop ^ ^ use<J to 
noderately expressed in the 
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Thus the cloned receptor likely 
generate the « U-ary on pi ,ment 

medute :r r z - -e S . — ^ the protein 

aggregation in cDm de£ines a new 

encoded by the melatonin reoept pro tein- 
5 receptor group within the large superfamily 

coupled receptors. «I-Mel 
previous studies using quantitative 

„hv in the human SCK have generally shown high 
autoradiography in the h ln and ve ry low 

affinity for melatonin and 6 chlor ^ 
L0 affinity for serotonin (Repper et * • ■ > ^ ^ 

consistent with the pharmac o ic ha 

recombinant human receptor (Fig. 1 > ^ ^ 

• 4.^= of the recombinant sneep nex 

■z-z-. r:r.rrr.- ...» - 

20 Eol^eEtiOeJ^ress^ inven tion may be 

Polypeptides according to tne in 

* , C ni table host cell with all 

prodtt ced 7 — 

7 P ^ e a g the - -scribed above, in a suitable 
fragment (e.g., ; th n of the re ceptor. 

25 expression vehicle and expr ^ will 

Those skilled in tne uei cxrctpms 
, J„d that any of a wide variety of expression systems 
understand that any nant recepto r protein. 

MY " ""si nost ce used is not critical to the invention 
30 Te "el - ^ be produced in a proKaryotic host (..,.. . 
30 The rece F saccharomyces 

coli) or in a eukaryotic host (e.g., 
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on C0S-6M, COS-7 NIH/3T3, 
cerevisiae or -aU,n ce! s e.^. COS ^ 

or Chinese Hester ovary ce Us ,. „ Type 

,,-i/io ranae of sources (e.g., ~ 
from a wide range 01 thod of 

— — ^ i « -=ion vehicle .ill 
5 transfectj.cn and the choic orma tion and 

d epend on the host system selected^ «»» ln 

1 1 v-ransfection methods are ae*^ 

Sons ' New^Yorlt^ ~{1989Y)^i expr^ssTo^^/ehTcTe^inay b e 

Wl " ^ ^031 provided, e.g., in ^^^^ 
10 chosen from those p et al. , (1985) , Supp. 

LafeQEa£2rJi3aim al (Pouwels, P.H. 

1987) * * j pvnression system is the 

One particularly preferred expressi 

„ fPHOI cell (ATCC Accession No. CCL 61) 
Chinese hamster ovary (CHO) cell ( (InVi trogen, 
. ap , pd with a pcDNAI/NEO expression vector K 
15 transfected vixn * f origin of 

poly adeny at on s t ^ ^ appropri ate 

20 *° n °Z: 'a^en analo, (- "-»> 

receptor fragmen . n an orlentatl on 

inserted mto the I**"/" preferab ie host cells 

+-o allow expression, crcnei. ^i- 
designed to allow J with the pcDNAI/NE 0 

which may be used c I Accession No 

25 expression vehicle include WH/3T3 c J ^ ^ 

1658^ The expression may be used in a 

nti on (described below) or, if desired, the 
the invention (descric Elated as described 

recombinant receptor protein may be isolated 
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° elOW - Alternatively, - hi g h-a«inity melatonin re« t 
(or receptor fragment or analo,, is expressed by 
transrected mammalian cell line. 
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A number of vectors suitable for stable «"»^ io " 
u»n cells are available to the public, e.g., see 

(SUBEa) . in one ned into an expression 

receptor J^X;: "I U= f olate reauctase (DHFR) 

VSOt0r Z el t n of the plasmid and, therefore, the high- 
gene. Integration * host cell 

affinity melatonin receptor-encodxng gene i 

• „i PC ted for by inclusion of 0.01 3uu fin 
chromosome is selected tor y desC ribed in 

4- in t-he cell culture medium (as aescrxwe 
methotrexate in thecel ^ be 

Ausub el et al , ^ Reco „ bi nant protein 

accomplished ™~fj£J> DHFR .,ediated amplification 
expression can be increased y electing cell lines 

o£ the *-^^jrr^iTi. -ubel et al. 

" e ex r:: culture in 

containing gradually increasing eve s o 
described above or, preferably, 

line (e.g., CHO DHFR cells, ATCC Accession No. CM, 9 

thl host cells preferred for DHFR selection of a 



" ^""teTarticularly preferred stable expression . system 

is a CHO cell (ATCC) stably transfected with a pcMM/W> 

(invitrogen, San Diego, CA) expression vector. 

Expression of the recombinant receptor (e.g., 

„ d Tany of the expression systems described herein) 
Te as ayeo * immunological procedures, such as Western 
2t r —precipitation analysis of recombinant ceil 



30 



extracts, or by immunofluorescence c£ intact reco. binant 
Tells (using, e.g, the methods described in Ausubel et al., 
Tc mbinant receptor protein is detected using an 
^Ly directed to the receptor. Described below are 
an y „ . v^h-af f initv melatonin receptor 

receptor epitope. To detect express^ of a hl gh .Kmity 
Iltonin receptor fragment or analog, the anti bo y 
10 preferably produced using, as an immunogen. an epitope 
included in the fragment or analog. 

once the recombinant high-affinity melatonm 
receptor protein <or fragment or analog thereof, , » 
expressed, it is isolated, e.g., .-n t -ty 
15 chromatography. Xn one example, an an -h * • ^ ^ 
melatonin receptor antibody may be attached to 
: s Ho isolate intact receptor or receptor fragments or 
,2s Lysis and fractionation of receptor-harbonng 
eel ' rio?: affinity chromatography may be performed by 
2 „ st Lard methods (see, e.g., Ausubel et al., ««) • One. 
isolated, the recombinant protein can, if des!red be 
further purified, e.g., by high performance Uquid 
furtner p Flsh er, ml—"-"™ Tenhniques ID 
chromatography (see, e.g., Fisher, u ' B ,._ don 

m„i ~ tt *ni eds - wor * and Burdo "' 

25 Elsevier, (1980)). 

Receptors of the invention, particularly short 
receptor fragments, can also be produced by chemxcal 

^thesis <e.g- * "^J^J^ZTc... 

Pr^*- s ynthesis , (1984) 2nd ed. , The Pierce 

30 Rockford, IL) . 

1 __ 1 _J I , nnr I ff'*" Emptor Funct ion 
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invention are those which » r « ro £unctional assa y 

interaction may ^ ^ . This 

the c*MP accumulation d .„ cAMP 

as say includes, as exponents, f or Ko 
accumulations, - a on, a d - ^ ^ 

B elatonin receptor (or a sui 

configured to per.it melatom "^^"^ £orslcolin My 
polypeptides described herein, Helato ^ 

component proluced by a cell t h at naturaUy presents 
subs tantially no ^ r on /needing t h e 
engineering such a cell to expr ession system, 

receptor component in an apprpr ^ ^ ^ 

suitable cells are, e.g., those 
to the production of recombinant receptor, 

or COS-7 cells. 

^"^iseussed above, one aspect of the invention 
matures screening for compounds that antagonize the 

\<„n between melatonin and the high-af f inlty 
interacts between tlng or reducing the 

melatonin receptor, tnereoy p interaction. 
„,.,<, of events that are mediated by that int 
> ° aSCade °\ f the sc reen are forsKolin to induce 
The elements of the scree Belatonin , and 

intracellular accumulation of cAMP, 

fragment or analog, described above, 

0 action ^^^-^Z Sigma, and a 

melatonin and forskoiin m y r e n OD us high-affinity 

receDtor or xenopu& m-y" 
full-length sheep Mel-la recepx: 
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~ v,<rrh-af f inity melatonin la or 
v . flpen t or or a human hign aiiJ.iu.ujf 
mel ato„i receptor • fragBent or analo g of 

lb receptor (or a mei be pro duced as 

the Xenopus, sheep o. : human rec tor . ^ ^ 

Ascribed herein. Preferaniy, 
s carri a out using cell lines stably transfected with the 
Man affinity melatonin receptor. Most preferably, the 
^ransfectla cell line present, substantially no receptor 

°" ttiv S a U t" a n Ce o t the heterologous high-aff inity 

la tonin receptor with melatonin or an agonist (see above, 

l ° " fs t ruction of intracellular cAMP concentration, 

rfil a convenient means for measuring melatonin or 

'"Inactivity, such an agonist may be expected to be a 

39 H therapeutic agent for circadian rhythm disorders such 

t 7° day/night cycle disorders in humans or matin, 

15 "It Alterations in animals such as sheep. Appropriate 

cycle aiterauiui^ other aqents 

candidate agonists include melatonin analogs or 

which mimic the action of melatonin. screeni „, 
inclusion of potential antagonists in the 
v along with melatonin allows for the screening and 
20 ration of authentic receptor -.onists as those 

<: r itial nauction cAMP concentration, or melatonin 
25 llone, i.e.. in the absence o^nhibitor, are. e a 
-control" against which antagonist assays are mea 

Appropriate canaidate antagonists include high- 

af f inity mexatonin receptor '^it ' bfextracel liar (see 
fragments of the protein predicted to be extracell 
,„ IZ 7, and therefore likely to bind melatonin; such 

rag*!* would preferably including five or more amino 
acir Other candidate antagonists include melatonin 
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al oas as well as other peptide and non-peptide compounds 
I IZ affinity melatonin receptor antibodies. 
^ ^ of the invention features screening 

7, that act as high-affinity melatonin receptor 
for compounds that act n g which bind 

such compounds are identified as 
5 agonists, sucn ^u» H m \ m i c the cascade of 

h<«h-affinity melatonin receptor and mimic 
a high-affinity interaction. This 

are normally mediated by that invei. 
events that are norma y pressing recombinant 

^miires recombinant cells expressiny 
screen requires rec suitable receptor 

° ::::: — r::: r r:r; In 

10 a candidate agonist is added to CHO cells 
trl' - r c^inlnt receptor ana intraceUular 
Revels e lasured (as described above, . An agonist 
levels imitates the normal 

IS useful in ^ -vent on = - J* 

melatonin-mediated signa tra > oonoen tration. 
*n to an decrease in intracexxuxaj. 

9 " Appropriate candidate agonists inciude melatonin 
anaiogs or other chemical agents capable of mimicKm, the 
20 action of melatonin. 

n^gUaUO-H t .rplr roptainin^co^bin^t 

— ^^a^s^ch transgenic animals 
There ar ma mmal) may be 

^ & transgenic animal isut.ii a = 

~ pxoaenous melatonin recepwj- ^ 

insertion of an exoge ^ ^ 

endogenous gene of the animai, 



fhnsp skilled in the art 

/transgenic mammal whose germ ceils and somatic 
O.H. contain an exogenous melatonin-la or -**°»»- lb 
re eptor gene is produced by methods *novn in the art. 
or example, 0. s. Patent No. 4,736,36* describing 
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paction of a transonic —.1. herein incorporated by 
reference. Generally, the DNA sequence encoding an 

Lus melatonin-la or -1. receptor ,« introduced 
into the animal, or an ancestor of t, «* 



+»u*\ There are several methods known to the art of 
stage), mere at ,„ 4mal embrvo to achieve 

introducing a foreign gene into an animal embryo 
Lble expression of the foreign gene, one method is to 
! l^the embryo with the gene as it occurs naturally. 
LO transfect the emery fore ian gene has 

»„d select transgenic animals in which the foreign g 
and select results in its 

(„tp<irated into the genome at a locus wniui 
integrated modifying the foreign 

"""or its cont orseguences prior to introduction into the 
15 I::; r example, «- —in-la or -lb receptor gene 

Tay be modified with an enhanced, inducible, or tissue- 

^""^UsTn' transgenic mammals are analyzed for the 
presence of exogenous melatonin-la or -lb ^ ^ 

20 by directly analyzing mRNA, or by assaying the tissue 
exogenous melatonin-la or -lb receptor. 

Using the Transgenic Mammal to Determine Melatonin Agonist- 

- "trrdirr — - * - - — 

25 whether candidate compounds are melatonin antagonists or 
• *, cm- the Mel-la or Mel-lb receptors. 
a9 ° n nssess" -latonin Agonists or Antagonists in vivo 

One aspect of the invention features screening for 
compounds that agonize or antagonize melatonin activity in 
3„ vivo. The elements of the screen are a Mel-la or Mel lb 
Transgenic mammal and a potential melatonin agonist or 
antagonist in a suitable formulation for administration to 
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the mammal. Detection of a change in the phenotype of 
interest (..,.. sleep/waKe cycle or reproductive cycle) 

elative to a ontrol transgenic mammal to which no agonist 
or antagonist has been administered indicates a potentially 
5 useful candidate compound. 

, I,!,,,-, rffili'y M-^tonin nnrcptor Wt-ttwUes. 

„ igh . a£flnl ty melatonin receptor (or immunogenic 

receptor fragments or analogs) Bay be used to raise 
antibodies useful in the invention. As described above, 
receptor fragments preferred for the production of 
antibodies are those fragments deduced or shown 
experimentally to be extracellular. 

Antibodies directed to high-af f inity melatonin 
receptor peptides are produced as follows. Peptides 
corresponding to all or part of the putative extracellu ar 
1ooP s or the extraocular N-terminal domain are produced 
using a peptide synthesizer, by standard techniques. The 
peptides are coupled to KLH with m-maleimide benzoic acid 
r h ydroxysuccinimide ester. The KUi-peptide is mixed with 
Leund^adjuvant and in je cted into animals, e.g. guinea 
pias 1 goats, to produce polyclonal antibodies. Monoclonal 
bibles may be prepared using the high-affinity melatonin 
polypeptides described above and standard nybndoma 

TechTolgy ( * m <1975> 

\ IZ Konler et al.. (»7«) > 

et a Pr t T-mol. (1976, 6 = 511; Hammerling et al., in 
t^lllll .■ ■■' i 1 " -ir1T— El-vier, NY 

Ausubel et al., s^) Tidies are purified 
by peptide antigen affinity chromatography. 
30 Once produced, antibodies are tested for specific 

nigh-affinity melatonin receptor recognition by Western blot 
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or immunoprecipitation analysis ,by the -the*. bribed 

Ausubel et al., suEra) • 

. ^ „ jf j_,n v recoqnize the nign 
Antibodies which specifically recog 

• , , n „in receptor are considered to be likely 

"'^l: r fu n a gonists; suc h candidates are 
7ZT:JZ for their ability to specifically interfere 
with the interaction between melatonin and its receptor 
Cinrtne actional antagonist assays ' 
Antibodies which antagonize raelatonin: high affinity 
iltonin receptor binding or high-affinity melatonin 
^^f^tion are considered to be useful as antagonists 
in the invention. 
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Particularly suitable therapeutic, for the treatment 
of Orcadian rhythm disorders in humans as well as for 

" a receptor fragment conformation at the membrane 
mimic a receptor xr y sufficient number of 

interface the fragment may include a sufficien 
decent ransmembrane residues. In this case, the fragment 
^ b associated with an appropriate lipid tr~tx«. e.g., 
Z 11PM vesicles or attached to fragments Earned by 
disrupting a cell membrane, . Alternatively, ant.-h g»- 
a fX melatonin receptor antibodies produced as deserved 
Z e ^ be used as a therapeutic. Again, the ant.bod.es 
Tuld be administered in a pharmaceutically-acceptable 
b^fer (e.g., physiological saline^ « ' ^ 

antibody preparation may be combined with a suable 

adjuvant. 
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oration is administered in 
The therapeutic preparation i ordinarily , it 

accordance with the condition to be 

be ^^^S'^t. lucit the 
duration, and with the approp ^ ^ . n 

d esired response. »^ « £ Ministration of 
the natural circadian rhythm at *" resp onse. 

Alternatively, it may be c as & Uquid 

th erapeutic orally, nasally, or above . 
or a spray. Again, the *o..g-™- alleviation o£ 
Treatment may be repeated as necessary 

disease receptor agonis ts can be 

High-affinity mei ^ rh thin of humans; 

t-hP endoqenous melatonin ^ 
used to reentram the endog ^ 

... 4 a( - iaa svmptoms in humans, pn*^ 
alleviate }et lag symy reinforce entrainment 

/ a v„ cvcle of some blind people, reintorc 
sleep/wake cycle o ^ intensity 

timing of puberty in humans screen 

Tne methods of the invention may be us 
^rapeutic receptor agonists in 
effectiveness in reducing ^ al Ling 
:5 vitro; in altering '^^ll ed abo ve. Where a 
reproductive cycles * - . therapeut ic for a 

n0 n-human mammal is h igh-aff inity melatonin 

non . hU man anima sere , ^ ^ ^ ^ 

3 0 " Tre/erably specific for that species. 

nthrr F^H<->rliTt\ents 
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to the invention include any 
Polypeptides accordxng to the 

hig h-affinity melatonin receptors (a descr 
such receptors may be derived fro. an ™ 

^ ^v^m a vertebrate animal, e.y., 
Pr " eiabl L P0 ly pe Ptid es are use*, . ,.. to 

B i m ic, . melatonin: receptor ^«^™^ ude \ ny 

Polypeptides ;£ y tutonin receptor 

or -7™^ 9 h h ; e : ni I those derived 

capabie ^ atoBiB reoe ptor extracellular 

from the high-af f lnlty d to 

ac-in... Such analogs and = nt ay al ^ 
screen for high-affin.ty me aton n re , ^ 
agonists. In addition that subset 

analogs which bind melatonin and are P ^ ^ ^ 

( or insoluble and formulated in a Up endogenous 
as antagonists to reduce the „ o£ 

melatonin cycle possibly providin > £ ~ ^ ^ aMlog or 
puherty in humans. The efficacy o ^ ^ t ^ 

fragment is dependent upon ts *" l J assayed usin , 

M latonin ; such ^-^Z^ Lays .e.g., 
high-affinity melatonin recepto 

those described herein) . inte rest include full- 

le n,th or partial » conS ervative amino acid 

sequence which differs only * one amino acid 

substitutions, for « ^ ' ' Ute £or glycine, 
£0 r another of < ^ or Bore non- 

arginine for lysine, * dele tions. or 

conservative amino add ^ acid seque nce 

msertions located at positions of th am 
which do not destroy the receptors- ability 
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melatonin-mediated reduction in intracellular c» 
concentration (e.g., as assayed above) 

Soecific receptor fragments of interest i 

„i„h-af f inity melatonin receptor which is 
portion of the h lg h affinity ^ or 

capable of interacting with «l*on»^ ^ 

part of the extraocular ^"*J£T* descrlbed above, . 
m^v be useful as antagonists ^as» 
T e also useful as immunogens for producing antibodies 
T H neuirali e the activity of the high-aff inity melatonm 
; « to -o (e.g.. by interfering with the interacts 
Tetween the receptor and meiatonin, see • 

Extracellular regions of novel high-aff inity 

motors may be identified by comparison with 
melatonin receptors may ^ 

related proteins of "^ lar superfa mily) ; useful 

of the G-protein-coupled receptor s P extracellu lar 

the secondary protein s-c^re and. 

srrs^^'^ — ation su r 

using a nya v and Fasmallf Ann. 

the Chou-Fasman method (see, e.g., 

. riQ78147-251). Hydrophilic domains, 

^^^onel^unded by ^ T *;^ 

candidates for extracellular experimentally using 

extracellular domains may be identified P 
standard enzymatic digest analysis, e.g.. tryptic 

analYSlS c'andidate fragments (e.g. , any extracellular 

Tt~ tested for interaction with melatonin by the 
Ty: d scr bed herein (e.g.. the assay described above,, 
fragments are also tested for their ability to 
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• tto interaction between melatonin and its 
antagonize the interacti describe d herein, 

endogenous receptor using the assays above) 

rPceDtor fragments (as Qesun 
Analogs of useful receptor y efficac y as screening 

, so be produced and tested for efficacy 
may also r>e p^"" 3 «=savs described 

r.;r..: - - — » 

What is claimed is: 
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